Background. The interval from the R wave to the maximum amplitude of the T wave (RTm) contains the heart rate dependency of ventricular repolarization.
Q uantification of ventricular repolarization duration is usually obtained by measurement of the QT interval on a limited number of beats on the 12-lead ECG. Correction for the cardiac cycle length is generally obtained by the Bazett formula,' which expresses the linear relation between the logtransformed values of the QT and RR intervals for a single beat. Our previous work on quantification of repolarization in normal individuals2 and in patients with the long QT syndrome (LQTS)3 has shown that the cycle length dependency of repolarization duration is concentrated mainly in the first portion of the QT interval (ending at the peak of the T wave) and that the static repolarization duration-cycle length relation is best fit linearly.
The purpose of this work is to determine the dynamic nature of the relation between repolarization duration and cycle length in normal individuals and in patients with LQTS by using a large number of cardiac cycles per patient obtained by computerized analysis of Holterrecorded ECGs. In this context, investigation of the dynamic relation between repolarization duration and cycle length might provide further information into repolarization-related disorders in terms of both diagnosis and therapy.
Methods

Population
The study population consisted of 11 normal volunteers (mean age, 28±4 years; eight men and three women) and 16 patients with LQTS (mean age, 28± 15 years; three men and 13 women) who had 24-hour Holter recordings obtained on Marquette series 8500 recorders (Marquette Electronics, Inc.). Normal subjects were asymptomatic, medication-free individuals with no history of cardiovascular or pulmonary disease and a normal physical examination. Six of the 11 normal subjects underwent a second Holter recording while receiving the fl-blocker medication nadolol 80 mg/day for 3 days as part of a separate protocol approved by our 
Electrocardiographic Variables
Cycle length was quantified by the interval between two successive R wave peaks (RR). Repolarization duration was defined as the time interval between the R wave peak and the maximum amplitude of the T wave (RTm). Each RTm interval was coupled to the RR interval of the preceding beat. The RTm measurement avoids the well-known problems associated with the identification of both Q wave onset and T wave offset that are inherent in the measurement of the QT interval. Figure 1 shows a schematic ECG with the parameters of interest.
Electrocardiographic Processing
The analog 24-hour electrocardiographic recording was digitized using the Laser Holter System (Marquette Electronics, Inc. In the second step, the measurement of RR interval is carried out by an algorithm that looks for the R wave using an adaptive threshold on the amplitude of the first derivative of the ECG signal. Once the threshold is reached, the time of occurrence of the maximum of the R wave is identified. The precision of this measurement is limited by the sampling rate of the commercial Holter system (128 Hz for the Marquette system). The precision can be optimized by fitting a parabola through the maximum value itself and the previous and the successive samples. The parabolic vertices are then used as fiducial points for identifying the peaks of two consecutive R waves. The RR interval is computed as the difference between two consecutive parabolic vertices. After the detection of the second R wave, the algorithm analyzes the post-R wave portion looking for the maximum amplitude of the T wave. One second of the ECG after the peak of the R wave is low-pass filtered (FIR filter, 15-Hz cut-off frequency), and the maximum value of the signal is searched in a time window starting from the previous R wave to 15% and 75% of the mean value of the running RR interval. A parabola is then fit through seven samples centered in correspondence of the found maximum, and its vertex is taken as the fiducial point for the maximum amplitude of the T wave (Tm). Finally, RTm is measured as the difference between two consecutive fiducial points for R and Tm, respectively. The 128-Hz sampling frequency is sufficient to permit accurate and reliable measurement of RR and RTm intervals. 5 The third step is performed by an algorithm that removes nonphysiological RTm and RR intervals that are not likely to represent physiological components of a heartbeat. We used three parameters to exclude nonphysiological intervals: 1) RR cycle length <350 msec (equivalent to a heart rate > 170 beats per minute) or >2,000 msec (equivalent to a heart rate <30 beats per minute); 2) RTm <200 msec or >650 msec; and 3) RTm/RR ratio <0.15 or >0.50. The last two parameters were derived from ranges previously established in normal and LQTS populations.2'3 A random sample of 100 computer-analyzed heartbeats with RTm and RR intervals that fell inside (n=50) and outside (n=50) these physiological ranges was subjected to beat-by-beat visual edit of the RTm and RR measurements to evaluate the accuracy of this approach. The computer algorithm analysis was 100% (50 of 50) accurate in properly quantifying the RTm and RR intervals of beats that fell within the aforementioned physiological ranges. Artifactual RTm and RR measurements caused by noise and low signal-to-noise ratios were present in 84% (42 of 50) of intervals that were outside the physiological ranges. The overall error rate was 8%, and the computer read-reread repeatability was 100%. Table 2 and Figure 2 . fl-Blocker therapy was associated with a slowing of the heart rate, a significant (p=0.005) reduction in the RTm/RR slope from 0.13±0.02 to 0.10+0.02 separately for each population, and this information is graphically presented in Figure 3 . These regression lines highlight the observation that LQTS patients have an increasingly exaggerated delay in repolarization at progressively longer RR cycle lengths when compared with normal subjects. Individual RTm versus RR regression lines superimposed on the raw data are presented in Figure 4 ... An important question is the accuracy of the algorithm used to process the electrocardiographic signals. With the extremely large number of beats processed per patient, it is likely that some "noisy" beats with inaccurately quantified RTm and RR intervals were included in the analyses because the intervals were within the prespecified physiological ranges; similarly, some beats with accurately quantified intervals were excluded because the intervals were outside these ranges. These false-positive and false-negative classifications are more likely to occur in beats having RTm and RR intervals near the border zone of the three selected physiological cut points. Our 
